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Analytical results for stream sediments and panned concentrates from
stream sediments collected from the Glacier Peak Wilderness

and adjacent areas, Washington

by

S. E. Church, E. L. Mosier, J. G. Frisken, 
B. F. Arbogast, C. M. McDougal, and J. G. Evans

Studies Related to Wilderness

The Wilderness Act (Public Law 88-577, September 3, 1964) and related 
acts require the U.S. Geological Survey and the U.S. Bureau of Mines to survey 
certain areas on Federal lands to determine their mineral resource 
potential. Results must be made available to the public and be submitted to 
the President and the Congress. This report presents the results of a 
geochemical survey of the Glacier Peak Wilderness and adjacent areas in the 
Mt. Baker, Snoqualmie, and Wenatchee National Forests, Chelan, Skagit, and 
Snohomish Counties, Washington. The Glacier Peak Wilderness and adjacent 
areas were classified as proposed wilderness during the Second Roadless Area 
Review and Evaluation (RARE II) by the U.S. Forest Service, January 1979.

INTRODUCTION

A geochemical reconnaissance of the Glacier Peak Wilderness and adjacent 
areas, Washington, was undertaken during the 1978, 1979, and 1980 field 
seasons. During the 1978 field season, R. E. Learned conducted a pilot study 
in the Chiwawa drainage basin to determine the best sample media to use for 
the study. Both the plus-80- and minus-80-mesh fraction of stream sediments 
and panned concentrates from stream sediments were examined.

Chemical and spectrographic analysis of these samples indicated that the 
minus-80-mesh fraction of the stream sediments should be used as the primary 
sample medium with supplemental data from panned concentrates of stream 
sediments. Water samples were also collected and analyzed, but because of the 
heavy runoff few elements could be detected in this medium. The samples 
collected by R. E. Learned are denoted by the leading GP-two digit numbering 
scheme (GP01-GP24).

Several field parties were involved in the sampling. Samples were 
collected by R. W. Tabor and assistants during the 1978-80 field seasons from 
the general area south of lat 48° N. These samples are denoted in the data 
set by a leading G or GX, or by a trailing GX. J. G. Evans directed sample 
collection during the 1979 field season in the study north of lat 48° N., and 
these samples are denoted by a leading letter, a two- or three-digit number, 
and a trailing letter denoting sample type. S. E. Church, J. G. Frisken, 
W. Kemp, and R. S. Werschky completed the sampling during the 1980 field 
season. This group of samples is denoted by a leading GP, followed by a four- 
digit sample number and a trailing letter denoting sample type. A total of 
1,183 stream-sediment samples and 754 panned concentrates from stream 
sediments were collected and analyzed. The locations of the samples are shown 
on plate 1. Trailing letters and leading GP on samples collected by S. E. 
Church and assistants have been dropped from the map for clarity.



Field methods

Stream-sediment samples were collected from active streams, or across 
active stream channels, draining areas as large as 8 km2 . As the annual 
precipitation in the area exceeds 254 cm/year, most streams were flowing. 
Sediment samples were sieved through a 2-mm stainless-steel screen at the 
sample site, and 10-x-15-cm cloth bags were filled with the sieved sediment. 
The samples were air dried.

Concentrate samples were taken wherever possible, and, in general, 
represent larger drainages. A 35-cm-diameter gold pan was filled with stream 
sediment sieved through a 2-mm stainless-steel screen and panned at the 
site. The heavy-mineral concentrate was transferred to a paper sample bag and 
oven dried at 105°C for several hours.

Sample preparation

Stream-sediment samples were sieved through a 177-ym stainless-steel 
sieve, and the -177 ym fraction (-80 mesh) was ground for analysis. A 590-ym 
(-30 mesh) stainless-steel screen was used to sieve the panned concentrates, 
and the -590-ym concentrate fraction was retained for further separation. The 
most magnetic fraction of the panned concentrate was removed using an electro 
magnet, and the low-density fraction (specific gravity <2.8) was separated 
from the heavy-mineral fraction by flotation in bromoform and discarded. A 
final magnetic separation of the heavy-mineral fraction was made on the Frantz 
isodynamic separator at a setting of 0.6 amp with a forward slope of 25° and a 
side slope of 15°. Under these conditions, a nonmagnetic heavy-mineral 
fraction is separated from a more magnetic fraction. The magnetic fraction 
included many rock fragments and most of the mafic silicates. Mineralogi- 
cally, the nonmagnetic fraction contains sulfide, nonmagnetic oxide, tungstate 
and sulfate minerals, tourmaline, barite, apatite, sphene, zircon and minor 
trace or accessory minerals which may be indicative of mineralization. This 
nonmagnetic fraction was hand ground in an agate mortar under acetone for 
analysis.

Mineralogical examinations using a binocular microscope were performed on 
the nonmagnetic fractions of the panned-concentrate samples collected during 
the 1980 field season. Due to the limited quantity of some of the heavy- 
mineral separates, this examination was done prior to spectrographic analysis.

Analytical methods

The methods used in this study are given by element in table 1. 
Analytical results for stream sediments are presented in table 2, and 
analytical results for the panned concentrates from stream sediments are given 
in table 3. Mineralogical data for the panned concentrates from stream 
sediments are given in table 4. Elements for which only a few data were 
reported are not included in the tables.

Spectrographic results are obtained by visual comparison of spectra 
derived from the unknown sample against spectra obtained from standards made 
from pure oxides or carbonates using a D.C. (direct current) arc emission 
spectrographic method (Grimes and Marranzino, 1968). Standard concentrations 
are geometrically spaced over any given order of magnitude of concentration



Table 1. Summary of analytical methods used on samples from the Glacier Peak Wilderness study area, Washington

Column Sediment Concentrate
designation Analysts sample sample

weight (g) weight (g)

Detection Detection
limit1 limit 1

(sediments) (concentrates)
Analytical method2 References

Mg-pct. Mosier
Ca-pct.  Oo -  

Fe-pct. --Do   

Ti-pct.  Oo  -

Mn-ppm

V-ppm

Cr-ppm

Ni-ppm

Co-ppm

Sc-ppm

Cu-ppm

Mo-ppm

W-ppm

W-ppm

Pb-ppm 

Ag-ppm 

Zn-ppm

Zn-ppm 

Cd-ppm 

As-ppm 

Sb-ppm

Hg-ppm

B-ppm

8e-ppm

Sr-ppm

Ba-ppm

La-ppm

Y-ppm

Zr-ppm

Th-ppm

Nb-ppm

-Do-  

  Oo     

.-Oo    

-Do--  

-Do--  

  Oo    

 Do    

 Do    

-Oo  --

Arbogast/ 

J. D. Hoffman

Sn-ppm Mosier 
Bi-ppm  Do-  

Au-ppm Arbogast/ 

J. Lucas

Frisken

Mosier 

 Do    

J. 0. Sharkey/ 

J. Lucas 

Mosier

Frisken/

J. D. Hoffman

Mosier
 Do   

 Do--  

.-Do  

 Do  

 Do« 

 Do   

 Do  

 Do  

0.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

1.0-10.0 

10.0

.010

.010

1.0

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

0.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.10

.005

.005

.005

.005

.005

.005

.005

.005

.005

0.02

.05

0.05

0.002

10

10

10

5

5

5

5

5

50

3 (0.5-0.05)

.002

10

5

200

200

100

10

1

100

20

20

10

10

0.05

.10

.10

.005

D.C. arc/spectrographic analysis Grimes and Marranzino (1968). 
        Oo                    Do     

20

20

20

10

10

10

10

10

100

500

50

500

200

.02

20

2

200

50

50

20

20

200

50

-Oo- -Oo-

-Do- -Do-

-Oo- -Oo-

        Oo                    Do        

        Oo                    Oo        

        Oo                    Oo        

       Do                    Do        

        Do                   Do        

        Oo                    Do      

K2S207 fusion/leach with 10 N HC1/ 

transfer to 20 percent Sn(II)/add

dithiol solution/extract into Modified from Quinn and 

heptane/colorimetric determination. Brooks (1972).

O.C. arc/spectrographic analysis Grimes and Marranzino (1968).
 -   Oo-           -  --  -Oo --    - 

3HBr+Br2 digestion/extract into Ward and others (1969). 

MIBK 4 /atomic absorption analysis

3HBr+Br2 digestion/extract into 

MlBK/fTameless atomic absorption 

analysis. Meier (1980).

D.C. arc/spectrographic analysis Grimes and Marranzino (1968).

        Do                    Oo      

HN02 digestion/atomic absorption

analysis 

D.C. arc/spectrographic analysis
        Do            -

        Do            -

        Do            -

Ward and others (1969).

Grimes and Marranzino (1968).
       Do         

       Oo      -

Volatilization/atomic absorption

analysis. 

D.C. arc/spectrographic analysis
        Do            

       Oo            

       Do            

       Do            

       Do            

        Oo            

        Oo            

        Do         

Modified from Vaughn and

McCarthy (1964). 

Grimes and Marranzino (1968).
       Do         

       Do         

       Oo         

1Units given by element in column 1.

Analytical method used is noted as follows: S, O.C. arc/spectrographic analysis; CM, Partial digestion followed by colorimetric determination;

AA, Partial digestion followed by atomic absorption analysis; INST, instrumental analysis. 

The limit of detection is dependent on the weight of the sample available. The usefulness of data from samples determined by this method is therefore
sample limited. 

4MIBK is methyl isobutyl ketone.



and are prepared in such a way that the range of concentrations normally found 
in naturally occurring samples are bracketed. When comparisons are made with 
sample films for semiquantitative use, reported values are rounded to 100, 50, 
20, 10, and so forth. Those samples whose concentrations are estimated to 
fall between the above values are arbitrarily given values of 70, 30, 15, 7, 
and so forth. The precision of the method is approximately plus or minus one 
reporting unit at the 83-percent confidence level and plus or minus two 
reporting units at the 96-percent confidence level (Motooka and Grimes, 
1976). Values determined for the major elements (manganese, calcium, iron, 
and titanium) are given in weight percent; all others are given in parts per 
million (micrograms/gram).

Discussion

All analytical results, sample description, and locations have been 
entered into a computerized rock analysis storage system (RASS) used by the 
U.S. Geological Survey. The data for the stream sediments and the panned 
concentrates from stream sediments have been processed using computer programs 
in a statistical package (STATPAC) to provide the histograms and statistical 
distribution data given for each sample medium in tables 5-10. Histograms and 
statistical data given are derived only from unqualified data contained in the 
data set. Log transforms of the data set were used to prepare the histograms 
and the correlation-coefficient tables.

Results from the stream-sediment survey may be interpreted to show a 
bimodal occurrence of copper, lead, and boron reflecting mineralization 
associated with the Cloudy Pass pluton at Glacier Peak mines (Grant, 1982). 
The remainder of the elements analyzed show lognormal distributions, which are 
positively skewed (table 5). Median values for many elements are in good 
general agreement with the average crustal-abundance values given by Lee and 
Yao (1970), with the exception of the low values for nickel, copper, and 
perhaps molybdenum. Comparisons of the median values, however, with the 
average mafic phase of the Cloudy Pass pluton, which underlies much of the 
study area (see analyses 3-8, table 3, Tabor and Crowder, 1969, p. 14), 
indicates high values in the stream sediments for all of the first-series 
transition metals.

Chemical results for the panned concentrates from stream sediments show a 
wider variation. A bimodal distribution is suggested by the statistical data 
shown in table 9 for manganese, and several modes are suggested for magnesium, 
iron, chromium, and boron. Systematic mineralogy of the heavy-mineral 
fraction from panned concentrates from stream sediments collected during the 
1980 field season are given in table 4.

Correlation coefficients (table 7 and 10) have been examined for 
relationships that would indicate mineralization. Only those correlations 
that are significant at the 95-percent confidence level, as indicated by the 
Z statistic (Hoffman and others, 1979), have been included in the correlation- 
coefficient analysis. Several suites of elements that may reflect 
mineralization have been identified using the correlation-coefficient 
results. Where no correlation coefficient can be calculated because of lack 
of a sufficient number of data pairs, an asteric has been printed out in the 
data tables. The most prominent suite of elements noted is: copper, 
molybdenum, tungsten, gold, cobalt, lead, zinc, and silver. This suite is the



common association for the porphyry copper system found in the Canadian 
Cordillera (Pilcher and McDougall, 1976) and is primarily an indication of the 
porphyry system underlying the Glacier Peak mines area (Grant, 1982). 
Correlation-coefficient analysis suggests that the gold present in the system 
is associated with chalcopyrite and that tin is associated with the scheelite 
and galena found peripheral to the main body of mineralization. Analysis of 
sphene separates from the study area did not show high concentrations of 
tin. Further investigation of the mineralogical host for tin is warranted. 
Large masses of massive magnesian tourmaline are also associated with the 
mineralization at the Glacier Peak mines area.

In addition to the above suite, lead and silver; lead, antimony, and 
arsenic; and lead, silver, and molybdenum associations are also found, which 
are interpreted to represent epithermal mineralization within the study 
area. This mineralization, however, is in marked contrast to that found in 
the Monte Cristo mining district, immediately southwest of the study area. In 
the Monte Cristo mining district, the host mineral for much of the 
mineralization is arsenopyrite (Church and others, 1982), whereas arsenic in 
the mineral systems found in the Glacier Peak Wilderness study area appears to 
be only a minor trace constituent.

A high-temperature suite of bismuth, thorium, and niobium is also 
suggested by the correlation-coefficient analysis. The source of this 
correlation is not recognized at this time, and further work is necessary 
before this association can be related to any particular geologic feature in 
the Glacier Peak Wilderness study area.

Finally, an ultramafic suite, iron, chromium, nickel, cobalt, and 
scandium, is also evident from the correlation-coefficient analysis. This 
suite indicates the presence of ultramafic bodies found along the deep-seated 
faults in the area (Crowder and others, 1966; Cater and Crowder, 1967; Cater 
and Wright, 1967). However, the distribution of this element suite is also 
complicated by the presence of the basic lavas associated with the Glacier 
Peak volcanic activity (Tabor and Crowder, 1969), particularly in the 
drainages affected by the basaltic flows from the White Chuck cone.
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